Objectives: To investigate the survival characteristics of postoperative nonmetastatic renal cell carcinoma (RCC) patients, and the predictive value of a prognostic model. Materials and Methods: We retrospectively evaluated data from 1202 postoperative nonmetastatic RCC patients who were treated between 1999 and 2012 at West China Hospital, Sichuan University (Chengdu, China). In addition, we also evaluated data relating to 53 205 cases acquired from the Surveillance, Epidemiology, and End Results (SEER) program. Survival analysis was performed on the cases, and subgroups, using the Kaplan-Meier and Cox regression methods. The concordance index of the Stage Size Grade Necrosis (SSIGN), Leibovich, and the UCLA integrated staging system, scores was determined to evaluate the accuracy of these outcome prediction models. Results: The 5-year overall survival rate for RCC cases in West China Hospital was 87.6%; this was higher than that observed for SEER cases. Survival analysis identified several factors that exerted significant influence over prognosis, including the time of surgery, Eastern Cooperative Oncology Group performance status, tumor stage, size, nuclear differentiation, pathological subtypes, along with necrotic and sarcomatoid differentiation. Moreover tumor stage, size, and nuclear grade were all identified as independent predictors for both our cases and those from the SEER program. Patient groups with advanced RCC, and poorly differentiated RCC subgroups, were both determined to have a poor prognosis. The SSIGN model yielded the best predictive value as a prognostic model, followed by the Leibovich, and UCLA integrated staging system; this was the case for our patients, and for sub-groups with a poor prognosis. Conclusion: The prognosis of RCC was mostly influenced by tumor stage, size, and nuclear differentiation. SSIGN may represent the most suitable prognostic model for the Chinese population. 960 | SHAO et Al.
| INTRODUCTION
Renal cell carcinoma (RCC) accounts for 2%-3% of all malignant tumors in adults. Of all patients with RCC, approximately 30% have advanced-stage RCC at the time of diagnosis. In addition, cancer metastasis usually occurs in 20%-40% of patients after surgery, even in those with localized RCC. 1 Considering the poor prognosis for patients with advanced RCC, surgery is insufficient and systemic adjuvant therapy may be useful to prolong survival.
As the standard treatment of advanced RCC, sunitinib is known to significantly prolong disease-free survival (DFS), and overall survival (OS), compared with α-interferon. 2 Furthermore, immune checkpoint inhibitors have shown superior treatment effects than standard target drugs in recent trails. For example, the two anti-programmed death 1 (PD-1) monoclonal antibodies, nivolumab and pembrolizumab, both demonstrated better survival rates than sunitinb, when combined with ipilimumab or axitinib separately, 3, 4 and also better effects for the programmed death ligand 1 (PD-L1) monoclonal antibody, avelumab, when combined with axitinib. 5 However, as yet, trials have yet to demonstrate the benefit of adjuvant therapy in terms of survival, irrespective of whether we consider sorafenib, sunitinib, pazopanib, or axitinib. [6] [7] [8] First, it is worth considering the initiation of trails to investigate therapeutic protocols for RCC that utilize adjuvant immune checkpoint inhibitors. Second, it is reasonable to hypothesize that more rational stratification of adjuvant therapies might lead to specific patients receiving greater levels of benefit.
Several studies have examined and recommended prediction models for the outcome of patients with RCC that could classify patients with differing probabilities of prognosis. [9] [10] [11] Prediction models might have the potential to determine the need for systemic therapy, develop postoperative surveillance programs, and stratify patients for clinical trials. These models used a range of clinical and pathological variables, which were weighted in different ways, to predict outcomes.
The UCLA integrated staging system (UISS), which was developed by Zisman et al, combines the Tumor, Node, Metastasis (TNM) staging system, Fuhrman grade, and Eastern Cooperative Oncology Group (ECOG) performance status, to classify patients into five prognostic groups. 11 Frank et al developed the Mayo Clinic Stage Size Grade Necrosis (SSIGN) score, which also incorporates the TNM stage, tumor size, nuclear grade, tumor necrotic and metastatic status, and stratifies patients into three risk groups. 10 The Leibovich score, a modified variant of the SSIGN score, considers all of the variants included in the SSIGN, except for metastatic status. Internal validations of these three prediction models demonstrated their feasibility, while external validations were performed by several researchers. 9 However, these validations were mostly based on the Caucasian population. In the present study, we performed survival analysis for 1202 cases of postoperative clinical nonmetastatic RCC. To allow comparison, we also acquired data from a large number of cases that featured in the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program. We then carried out external validation of the scores derived from the UISS, SSIGN, and Leibovich, model on both own patients and subgroups from the SEER program. We sought to identify factors influencing the prognosis of postoperative Chinese patients with RCC, and assess the prognostic value of a range of predictive models for this subset of patients.
| MATERIALS AND METHODS

| Patient selection
We selected clinically nonmetastatic patients who underwent radical nephrectomy, or partial nephrectomy, for unilateral RCC between 1999 and 2012 in the Department of Urology of West China Hospital (WCH), Sichuan University (Chengdu, China). We excluded patients with bilateral renal neoplasms, an ECOG score >1, and those not willing to provide information regarding their disease. Patients provided informed written consent prior to the collection of data. Our final analysis included 1,202 patients with clinically nonmetastatic RCC.
| Clinical and pathological features
Patient clinical data (eg, gender, age, preoperative ECOG score, smoking history, and diseases of the heart and cerebral vessels) were retrieved from the medical records of our hospital. Pathological reports were all provided by the Pathology Department of our institute, including histopathological type, pathological T stage and lymph status, sarcomatoid and cystic differentiation status, tumor size, nuclear grade, and necrotic status. Pathological T and lymph stage was adjusted according to the 8th American Joint Committee on Cancer TNM classification system, 12 and the largest diameter of the tumor was recorded to determine its size. In accordance with TNM staging, RCC patients were divided into localized RCC (T 1-2 N 0 M 0 ) and advanced RCC (T 3-4 N 0 M 0 or T any N + M x ). The Fuhrman nuclear grade 13 was reported according to the 2012 International Society of Urological Pathology consensus. 14 Tumor necrosis, which was defined as microscopic coagulative necrosis, was reported during pathological diagnosis. Pathology reports also featured information relating to cystic architecture and the sarcomatoid component.
| Follow-up of patients
Chest and abdominal computerized tomography (CT) was performed 3 months after surgery. Subsequently, abdominal ultrasound or CT was performed twice annually for the first 5 years, and once annually thereafter. Chest X-ray examinations were performed annually. Furthermore, all patients received a follow-up telephone call each year.
| The SEER data resource and cohort selection
We collected data from patients diagnosed with RCC between 2010 and 2015 and recorded on the National Cancer Institute's SEER program. We extracted data from all cases initially diagnosed with RCC, and selected nonmetastatic cases who underwent surgery for RCC. A total of 53 205 cases were included in our final analysis; all of these cases had a complete set of data available for evaluation, including age at diagnosis, gender, race, tumor TNM stage, nuclear grade, histological types, and survival status. 
| Statistical methods
For WCH patients, we used the Kaplan-Meier method to estimate OS, DFS, and cancer-specific survival (CSS). The duration of the follow-up period was from the day of surgery to the day of patient death, or the last clinical evaluation. The endpoint of DFS was defined as the detection of recurrence or metastasis during the follow-up period. CSS was defined as patient death caused by the recurrence of RCC, or metastasis, or any relevant complication. Differences in survival between two or more subgroups were evaluated using log-rank tests. Univariate and multivariate Cox regression analyses were performed to determine the clinicopathological parameters associated with the survival of RCC patients. Patients were stratified using the SSIGN, Leibovich, and UISS scores, [9] [10] [11] and the predictive ability of these outcome prediction models was evaluated using the concordance index (c-index). 15 Case information retrieved from the SEER program was analyzed using the Kaplan-Meier method, and differences between the subgroups were evaluated via log-rank tests. Univariate and multivariate Cox regression analyses were also used to determine the clinicopathological parameters associated with the survival of RCC patients.
Statistical analyses were performed using the IBM SPSS Statistics 2 (IBM SPSS Statistics) and The R Programming Language 3.5.0 (R Foundation for Statistical Computing). Differences were considered to be statistically significant when P < .05.
| RESULTS
The clinicopathological data of 1,202 cases of postoperative clinically nonmetastatic RCC are shown in Table 1 . The mean age was 55.5 years (standard deviation: 13.04 years), and the median follow-up time was 63.02 months (interquartile range: 47.2-83.4 months). Survival analysis showed that the 2-and 5-year survival rates for OS, DFS, and CSS were 94.7% and 87.6%, 92.8% and 82.5%, and 94.9% and 88.1%, respectively. The clinicopathological parameters for the 53,205 cases selected from the SEER database are shown in Table 2 . The median follow-up time for these cases was 28.0 months (interquartile range: 12.0-47.0 months), while the 2-and 5-year OS and CSS were 91.1% and 80.0%, and 96.1% and 92.3%, respectively. The proportions of cases with advanced RCC, and poor differentiated RCC, were both higher for the SEER cases than the WCH cases.
For the 1,202 postoperative clinically nonmetastatic RCC patients, our univariate analysis ( Table 5 ). Furthermore, these factors were also independent predictors of outcome (Table 6 ).
Both TNM stage and nuclear grade are included in the SSIGN, Leibovich, and UISS outcome prediction models, which were used in this study to classify patients according to different survival outcomes. The c-index of each model indicated that for the prediction of OS, DFS, and CSS, in postoperative clinically nonmetastatic RCC patients, the SSIGN score offered the highest discrimination among the three models. Notably, the Leibovich score was slightly inferior to the SSIGN score; for our cases, we also found that discrimination of the UISS was poor ( Table 7) . In our study, we observed poor survival rates in subgroups of patients with advanced RCC, and poorly differentiated nuclear grade (Fuhrman IV); there was no significant difference in terms of survival (P < .05) between these two groups for both WCH and SEER cases. Multivariate analysis was performed in these two subgroups; we found that tumor N stage, and size, were independent predictors for each subgroup of WCH cases, while age, tumor stage, size, nuclear differentiation, and pathological subtypes were independent predictors for the SEER cases (Supplemental Material Table S1 ).
The SSIGN, Leibovich, and UISS, scores were used to stratify RCC patients with different tumor stages and tumor nuclear grades. The c-index for each prediction model across different subgroups is shown in Table 7 . Results suggested that the predictive effects observed in the subgroups were weaker compared to those reported for the total cohort of cases. The SSIGN and Leibovich scores performed well for localized RCC, while only SSIGN showed acceptable discrimination for advanced RCC. However, when analyzing different nuclear grade subgroups, the discrimination offered by SSIGN and Leibovich for the group of patients with intermediate differentiation was higher than that recorded for the well-differentiated group. The UISS score exhibited an inverse effect. The predictive effect of all three models in poorly differentiated RCC was weak, with a c-index for SSIGN approximating 0.70.
| DISCUSSION
RCC ranks second among urinary neoplasms (after bladder cancer), with a 5-year survival rate of only 71%. 16 The prognosis of RCC is influenced by numerous factors, including age at the time of operation, preoperative performance status, laboratory examination results, pathological tumor stage, nuclear grade, and tumor histological subtype 17 ; these parameters can be classified into clinical and pathological prognostic factors. In the present study, age at the time of operation, ECOG, tumor stage, size, nuclear differentiation, pathological subtype, and necrotic and sarcomatoid differentiation, were identified as prognostic factors for clinically nonmetastatic RCC; other factors showed no definitive association.
Gender is a key factor of interest. In a previous research study, Kutikov et al demonstrated poorer survival for males in cases that were registered with SEER in 2010. 18 However, studies by Xu et al, and Zhu et al, involving 378 and 1108 Chinese patients, respectively, failed to find any association with gender. 19, 20 These previous findings concurred with our present findings, which failed to identify any significant association for gender in either the WCH or SEER cases (2018). Postoperative pathological examination results (for example, tumor stage, size, nuclear differentiation, pathological subtype, and special differentiation) are generally accepted as being the key determinants for the prognosis of patients with RCC. In line with previous findings, 22 our current research identified that pathological stage was the single most crucial prognostic factor for RCC; a poor RCC stage is negatively correlated with survival. Invasion of the perinephric fat, collecting system, and the adrenal and venous system, have been associated with poorer prognosis in otherwise organ-confined RCC. 17, [23] [24] [25] [26] [27] [28] In addition, the nuclear grade plays a significant role in the prognostic prediction of RCC. 17, 29 The Fuhrman nuclear grade is the most widely adopted grading system for RCC. In 1997, the World Health Organization classified Fuhrman I and II as "well differentiated," Fuhrman III as "intermediately differentiated," and Fuhrman IV as "poorly differentiated." Significant prognostic differences were observed in the present when compared with many other studies. 9,10 A number of urological guidelines have recommended using the World Health Organization system. 30 Although there were overlaps of concept with regard to tumor size and stage, we identified that tumor size was an independent predictor. The independent predictive value of tumor stage, size, and nuclear differentiation, was demonstrated in both WCH and SEER cases, as well as in many previous studies. 9, 10 It is therefore advisable to incorporate these factors into models when predicting the prognosis of RCC. Note: Reference groups are the same as described in Table 5 . The UISS scoring system, which incorporates tumor stage, Fuhrman nuclear grade, and ECOG, was designed to predict the OS of RCC patients with or without metastasis. 11 This system stratifies patients into six prognostic groups, with significant prognostic differences between each group. 11 When initially proposed, this system was intended to be an accurate model. However, discrepant results were obtained from different external validation studies, with the discrimination ranging between 0.58 and 0.86. 29, [31] [32] [33] [34] In the study conducted by Lv et al, the discrimination offered by the UISS model was 0.64 (95% confidence interval: 0.586-0.693), 34 which was similar to that reported in our current research. This suggests that the UISS model may not be suitable for use in Chinese postoperative patients with RCC.
Clinical pathological data
The SSIGN score incorporates tumor TNM stage, nuclear grade, tumor size, and pathological necrosis. This stratifies patients into three risk groups, and finally predicts RCC metastasis and survival. 10 Zigeuner et al performed an external validation showing a c-index of 0.823 in 1,862 European cases. Considerable discrimination was also demonstrated in 1,795 American contemporary patients. 35, 36 In 2008, Fujii et al also reported an acceptable c-index of 0.814 in 401 Japanese cases. 37 In our external validation, SSIGN did not offer a high degree of discrimination (c-index >0.9) for OS, DFS, or CSS. However, all of our c-indices were >0.75, and were therefore similar to the results reported by Fujii et al. 37 We therefore consider that the SSIGN score may represent a suitable prediction model for Caucasians, as well as East Asian patients.
The Leibovich-revised SSIGN score was proposed in 2003; in this model, the metastatic tumor status was eliminated, the cut-off point for tumor size was modulated, and the weighting for T 2-4 was increased. 9 In this model, the metastatic risk of postoperative RCC patients, rather than their survival, was the primary predictive goal. Internal validation yielded a discrimination of 0.819, while external validations, performed in different clinical centers, demonstrated a c-index between 0.740 and 0.864 [38] [39] [40] [41] ; these values seem acceptable. Tan patients and found that the prediction effect was poor (c-index for OS and DFS: 0.670 and 0.700, respectively). 40, 41 However, in our postoperative nonmetastatic RCC patients, the c-index of the Leibovich score was lower than the SSIGN score. Therefore, the application of the Leibovich score in Chinese individuals requires further investigation. Although most of the prediction models performed well during internal validation, the results arising from external validation were controversial. We hypothesized that the application of prognostic models was limited by the relatively small sample size for modeling populations, and by heterogeneity between the modeling population and prediction population. First, most of the current prognostic models were established based on approximately 1000 cases, for whom prognostic factors were recorded in detail. Although data samples from large databases, such as the SEER, are sufficient, some of the prognostic factors are often insufficiently recorded. Second, there was clear heterogeneity in our study when the WCH and SEER cases were compared. This heterogeneity between groups, especially the proportions of patients in the subgroup with a poor prognosis; this may had led to differences in survival. Therefore, it is rational to speculate that inter-population heterogeneity may influence the predictive accuracy of these prognostic models.
Both advanced RCC, and poor nuclear differentiated RCC, were linked to a poor prognosis. There was no significant difference in terms of survival between these two subgroups, neither in the WCH cases nor in the SEER cases, which shared similar curves for survivorship. In a previous study, Wloff et al defined the high-risk group as patients with a tumor of either stage pT3 with a diameter >7 cm, stage ≥pT3b, pN+ stage, or Fuhrman grade III-IV. This group was demonstrated better than differentiation methods based on inclusion criteria of current clinical trials on adjuvant treatment. 42 Based on these risk criteria, Bandini et al found that poor prognosis was associated with number of risk factors. 43 Although different demarcation points were selected, results showed that tumor stage, nuclear differentiation grade, and tumor size, could be used to distinguish between patients with poor and good prognosis, and subsequently allow the individualization of adjuvant therapy.
Prognosis models that are based on these variants are intended to classify subgroups of patients with a poor prognosis. The application of prediction models in subgroups of patients with RCC may result in the loss of variables, thus causing negative impact on the discriminatory power of these models. However, by applying more rational weighting on variables, it may be possible to create a more appropriate model for prediction. In this study, we applied the SSIGN, Leibovich, and UISS scores, on subgroups of patients with poor prognosis (for example, those with advanced and poorly differentiated RCC). Only the SSIGN score showed acceptable levels of discrimination. This suggests that SSIGN may be more suitable to discriminate patients with a poor prognosis.
At present, there is a strong rationale for systemic adjuvant therapy in patients with a poor prognosis. However, there are no clinical data at present to demonstrate the positive effect of adjuvant therapy on survival. However, we hypothesize that the administration of effective systemic therapy in patients with a poor prognosis, including advanced RCC and poorly differentiated RCC, is an important influential factor for prognosis. More rigorously designed clinical trials are now needed to test this hypothesis.
There are some limitations in our study that need to be considered. First, considering the principle underlying the calculations involved in the outcome prediction model, the gradient of variability guarantee the distinction of patients with different survival outcomes. Thus, there is an inherent limitation with respect to the prediction of survival in specific subgroups; the model predominantly shows poor discrimination. Second, population heterogeneity is inevitable in the comparison of WCH and SEER cases; such heterogeneity cannot be explained using the limited number of variables and sample size in the present study. Further research is required to fully investigate the effect of heterogeneity.
| CONCLUSION
Age at the time of surgery, ECOG, tumor stage, size, nuclear differentiation, pathological subtypes, and both necrotic and sarcomatoid differentiation, were identified as exerting significant influence on the prognosis of postoperative patients with clinically nonmetastatic RCC. Moreover tumor stage, size, and nuclear differentiation, were identified as independent predictors of survival. Of the prediction models investigated herein, the SSIGN score may be more suitable for use in Chinese patients with RCC.
